Sinosporangium siamense sp. nov., isolated from soil and emended description of the genus Sinosporangium relatedness values were 43.7-50.9 %, which were significantly below 70 % and differentiated strain A-T 1946 T from the closest species. The cell-wall peptidoglycan contained mesodiaminopimelic acid. The whole-cell sugars contained rhamnose, ribose, madurose and glucose. The predominant menaquinone was MK-9(H 2 ). The diagnostic phospholipids were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylmethylethanolamine, lysophosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol-mannoside, Nacetylglucosamine-containing phospholipids, two unknown phosphoglycolipids and two unknown phospholipids. The predominant cellular fatty acids were unsaturated C 16 : 1 and C 17 : 1 , and saturated C 16 : 0 and 10-methyl-C 17 : 0 . Following an evaluation of phenotypic, chemotaxonomic and genotypic characteristics, the isolate is proposed to represent a novel species of genus Sinosporangium to be named Sinosporangium siamense sp. nov. The type strain is A-T 1946
). An emended description of the genus Sinosporangium is also provided.
The genus Sinosporangium, belonging to the suborder Streptosporangineae, was first described by Zhang et al. (2011) . At the time of writing, this genus consists of only one known species, Sinosporangium album, which was isolated from soil collected in China (Zhang et al., 2011) . Cells are Gram-stainpositive, non-acid-fast and aerobic. Members of this genus develop spherical sporangia containing non-motile spores on aerial mycelium (Zhang et al., 2011) . The genus Sinosporangium has meso-diaminopimelic acid (meso-A 2 pm) in the cell wall and diagnostic whole-cell sugars contain arabinose, galactose and ribose. Mycolic acids are not detected. MK-9(H 2 ) and MK-9(H 4 ) are the predominant menaquinones and the phospholipid pattern is type PIV, containing phosphatidylethanolamine, phosphatidylmethylethanolamine, hydroxyl-phosphatidylethanolamine, Nacetylglucosamine-containing phospholipids and unknown phosphoglycolipids (Zhang et al., 2011) .
Strain A-T 1946 T was isolated from dry deciduous forest soil collected in Ubon Ratchathani Province, Thailand. The isolate was identified as a novel member of the genus Sinosporangium based on a taxonomic study using a polyphasic approach. Here, we describe the results of this study and propose that strain A-T 1946 T represents a novel species of the genus Sinosporangium.
The soil sample was taken from an organic layer of the soil surface and kept at 4 u C. The sample was dried at room temperature for 10 days then the method of Nonomura & Hayakawa (1988) was used for isolation. The organism was isolated on soil extract agar (Suriyachadkun et al., 2009) supplemented with (per litre) 25 mg nalidixic acid, 50 mg cycloheximide and 1 mg terbinafin after incubation at 28 u C for 21 days. The isolate was purified on soil extract agar. The pure culture was preserved in glycerol (10 %, v/v) at 280 u C and in liquid-dried ampoules.
Morphological characteristics of strain A-T 1946
T grown on soil extract agar (Suriyachadkun et al., 2009 ) and inorganic salts-starch agar (ISP 4 medium; Shirling & Gottlieb, 1966) at 28 u C for 14-21 days were observed with a light microscope (CX 31; Olympus) with a 640 long working distance objective lens (LUCPLFLN 40XRC; Olympus) and a scanning electron microscope (JSM-5410 LV; JEOL). Samples on soil extract agar for scanning electron microscopy were prepared as described previously (Itoh et al., 1989) . Cultural characteristics of strain A-T 1946 T were compared with those of Sinosporangium album 6014 T on various media described by Shirling & Gottlieb (1966) , including ISP 2 (pH 9), ISP 3, ISP 4, ISP 5, ISP 7 and yeast extract-starch agar after incubation at 28 u C for 14 and 21 days. The NBS-ISCC Colour System was used to determine colour designations and names. Phenotypic characteristics of strain A-T 1946 T and S. album 6014 T were examined using several standard methods. Temperature and NaCl tolerances were determined using ISP 2 (pH 9) as the basal medium. Temperature tolerance was determined at 20, 25, 30, 37 and 45 u C. NaCl tolerance was determined with 1, 2, and 3 % (w/v) NaCl at 30 u C. pH tolerance was determined using ISP 2 at pH 4, 5, 6, 7, 8, 9, 10, 11 and 12 at 30 u C. Utilization of carbohydrates as sole carbon sources was tested using ISP 9 (pH 9) as a basal medium (Shirling & Gottlieb, 1966) supplemented with a final concentration of 1 % of the carbon sources. Hydrolysis of various compounds was examined using a basal medium recommended by Gordon et al. (1974) . Tests in the API ZYM (bioMérieux) commercial system were performed according to the manufacturer's instruction. Gelatin liquefaction, peptonization of milk, nitrate reduction and starch hydrolysis were determined through cultivation on various media as described by Arai (1975) and Williams & Cross (1971) . Catalase and oxidase activities were determined using the method of Greenwood & Pickett (1979) .
T had characteristics typical of the genus Sinosporangium. It developed spherical sporangia (3-5 mm diameter) on aerial mycelia (Fig. 1) . Globose bodies were not observed. Spores were not motile as determined with a light microscope using cells grown on soil extract agar for 3 weeks at 28 u C and then incubated at 28 u C for 30-60 min in 0.1 M potassium phosphate buffer (pH 7). Fragmentation of substrate mycelium was not observed. Results of phenotypic characteristics are indicated in detail in the species description and in Table 1 . Strain A-T 1946 T grew well on ISP 2 (pH 9) and yeast extract-starch agar. Moderate growth was observed on ISP media 4, 5 and 7. Substrate mycelium was white to yellowish-white. Soluble pigment was not observed on the media used.
Freeze-dried cells used for chemotaxonomic analysis were obtained from a culture grown in glucose-yeast extract broth (pH 9) (Tamura et al., 1994 ) on a rotary shaker at 30 u C for 7 days. The isomer of diaminopimelic acid in the cell wall was determined using the method of Staneck & Roberts (1974) . The acyl type of peptidoglycan was determined using the method of Uchida & Aida (1984) . Wholecell sugars were analysed using TLC cellulose according to the method of Komagata & Suzuki (1987) . Isoprenoid quinones were extracted and purified using the method of Collins et al. (1977) and determined using reversed-phase HPLC (Cosmosil 5C 18 column 4.6 mm internal diameter 6 150 mm length; Nacalai Tesque No. K56978) with a mixture of methanol and 2-propanol (2 : 1, v/v) as the elution solvent (Wu et al., 1989) . Polar lipids in whole cells were extracted and analysed according to the method of Minnikin et al. (1984) . Cellular fatty acid methyl esters were prepared and analysed following the instructions of the ACTINO method of the Microbial Identification System (MIDI, Sherlock Version 4.0B) (Sasser, 1990; Kämpfer & Kroppenstedt, 1996) .
Cell-wall amino acids of strain A-T 1946
T contained meso-A 2 pm. An acyl type of the cell-wall muramic acid was Nacetylated muramic acid. This strain contained rhamnose, ribose, madurose and glucose as whole-cell sugars, but not arabinose, galactose or xylose (whole-cell sugar pattern is type B according to Lechevalier & Lechevalier, 1970) . Menaquinones found in the isolate were MK-9(H 2 ) (72.90 %), MK-9 (14.08 %) and MK-9(H 4 ) (12.31 %). Phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidylinositol, phosphatidylinositol-mannoside, lysophosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, N-acetylglucosamine-containing phospholipids, two unknown phosphoglycolipids and two unknown phospholipids were detected in the polar lipid profile, while phosphatidylcholine was not detected (Fig. S1 , available in the online Supplementary Material). This pattern corresponds to phospholipid type PIV of Lechevalier et al. (1977) . Sinosporangium siamense sp. nov.
Saturated C 16 : 0 (13.78 %) and 10-methyl-C 17 : 0 (11.79 %), unsaturated fatty acids C 16 : 1 (10.14 %) and C 17 : 1 (22.86 %) were major fatty acids (.10 % each), and saturated C 13 : 0 (3.18 %), iso-C 14 : 0 (1.07 %), C 14 : 0 (6.51 %), iso-C 15 : 0 (2.46 %), C 15 : 0 2-OH (2.39 %), iso-C 16 : 0 (5.53 %), 10-methyl-C 16 : 0 (2.99 %), C 16 : 0 2-OH (2.38 %), C 17 : 0 (3.61 %), 10-methyl-C 18 : 0 (1.38 %) and unsaturated C 18 : 1 (4.56 %) were found in moderate amounts. Mycolic acids were absent.
Genomic DNA was prepared according to the method of Saito & Miura (1963) with a slight modification. The G+C content of the genomic DNA was determined using the method of Tamaoka & Komagata (1984) after treatment with P1 nuclease and alkaline phosphatase. HPLC was carried out using a Shimadzu LC-6AD apparatus equipped with the same column as described above. The 16S rRNA gene of strain A-T 1946 T was amplified by PCR as described previously (Kawasaki et al., 1993; Yamada et al., 2000; Katsura et al., 2001; Suriyachadkun et al., 2009) . The PCR product for the 16S rRNA gene was sequenced by Macrogen using universal primers. Multiple alignments were carried out with CLUSTAL W (Thompson et al., 1994) using the software BioEdit Sequence Alignment Editor (version 7.0.0). BLAST analysis was used to compare 16S rRNA gene sequences of strain A-T 1946 T with sequences from nucleotide databases. The 16S rRNA gene sequence similarity was calculated using the EzTaxon-e server (http:// eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Phylogenetic trees were generated by neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Felsenstein 1983 ) and maximum-likelihood (Felsenstein 1981 ) methods using the MEGA 5 software package. The robustness for individual branches was estimated by bootstrapping with 1000 replications (Felsenstein, 1985) . DNA-DNA hybridization was carried out using a photobiotin-labelling method in microdilution wells as described by Ezaki et al. (1989) . DNA-DNA relatedness (%) was determined using a colorimetric method (Verlander, 1992) .
Pairwise sequence similarities of strain A-T 1946
T were calculated in a 16S rRNA gene sequence of 1457 bases. The novel strain exhibited the highest 16S rRNA gene sequence similarity of 98.8 % with S. album 6014 T . Phylogenetic trees reconstructed by neighbour-joining (Fig. 2) , maximumparsimony (Fig. S2A) and maximum-likelihood (Fig. S2B ) methods showed a similar tree topology. The phylogenetic relationships between strain A-T 1946 T with S. album 6014 T and some members of the family Streptosporangiaceae revealed that strain A-T 6014 T formed a cluster with S. album 6014 T . The G+C content of the genomic DNA of strain A-T 6014 T was 70 mol%. The DNA-DNA relatedness value of strain A-T 1946 T with S. album 6014 T was 43.7-50.9 %, which is significantly below 70 %, the cut-off point recommended by Wayne et al. (1987) for the delineation of separate bacterial species. Results of 16S rRNA gene sequence analysis and DNA-DNA relatedness T are given in Table 1 . The whole-cell sugars of the novel strain were glucose, madurose, rhamnose and ribose and not galactose or arabinose. S. album 6014 T contained galactose, glucose, madurose and ribose in the present study and not arabinose found by Zhang et al. (2011) . The polar lipids of strain A-T 1946
T were phosphatidylethanolamine, phosphatidylmethylethanolamine, lysophosphatidylethanolamine, phosphatidylinositol, phosphatidylinositolmannoside, diphosphatidylglycerol, phosphatidylglycerol and N-acetylglucosamine-containing phospholipids, but not hydroxyl-phosphatidylethanolamine. Phosphatidylinositol and phosphatidylinositol-mannoside are found in the cells of S. album 6014 T in this study in addition to those found in the study of Zhang et al. (2011) . MK-9 was found in the novel strain following the predominant MK-9(H 2 ), which was not found in S. album 6014 T (Zhang et al. 2011 ). The novel strain could utilize lactose and melibiose, but S. T can be distinguished from previously described species of the genus Sinosporangium. It is, therefore, proposed that strain A-T 1946
T be classified as a representative of a novel species of the genus Sinosporangium, for which the name Sinosporangium siamense sp. nov. is proposed. An emended description of the genus Sinosporangium is also provided.
Emended description of the genus Sinosporangium
The description of the genus Sinosporangium is as given by Zhang et al. (2011) with the exception that the whole-cell sugar pattern is type B of Lechevalier & Lechevalier (1970) , which contains madurose. Arabinose is not present. The polar lipids are phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidylinositol-mannoside, phosphatidylinositol and N-acetylglucosamine-containing phospholipids. Diphosphatidylglycerol, lysophosphatidylethanolamine and hydroxy-phosphatidylethanolamine may be different in species. The major cellular fatty acids are unsaturated C 16 : 1 , C 17 : 1 , and saturated C 16 : 0 and 10-methyl-C 17 : 0 . The predominant menaquinone is MK-9(H 2 ); the second component is MK-9(H 4 ) or MK-9.
Description of Sinosporangium siamense sp. nov.
Sinosporangium siamense (si.a.men9se. N.L. neut. adj. siamense of or belonging to Siam, the old name of Thailand, the source of the soil from which the type strain was isolated). T and some members of the family Streptosporangiaceae. The phylogenetic tree was reconstructed by using the neighbour-joining method. Actinomadura madurae DSM 43067 T was used as an outgroup. Asterisks represent clades that were also recovered with the maximum-likelihood and maximum-parsimony algorithms. Numerals at nodes indicate bootstrap percentages derived from 1000 replications (values ¡50 % are not indicated (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, N-acetyl-b-glucosaminidase and catalase activities. Cell-wall amino acids contain meso-A 2 pm. The acyl type of the cell-wall muramic acid is N-acetylated muramic acid. The characteristic wholecell sugars are rhamnose, ribose, madurose and glucose. The diagnostic phospholipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylmethylethanolamine, phosphatidylethanolamine, lysophosphatidylethanolamine, phosphatidylinositol, phosphatidylinositol-mannoside, N-acetylglucosamine-containing phospholipids, two unknown phosphoglycolipids and two unknown phospholipids. Major fatty acids are unsaturated C 16 : 1 and C 17 : 1 , and saturated C 16 : 0 and 10-methyl-C 17 : 0 . The predominant menaquinone is MK-9(H 2 ) followed by MK-9 and MK-9(H 4 ) as the second components.
The type strain is strain A-T 1946 T (5BCC 29081 T 5NBRC 109515 T ), isolated from a forest soil sample of Ubon Ratchathani Province, Thailand. The habitat is soil and the DNA G+C content of the type strain is 70 mol%.
